In this paper, we have studied F (R, T ) gravity as an arbitrary function of curvature and torsion scalars in Friedmann-Lemaître-Robertson-Walker (FLRW) background. Then, we have considered interacting model between F (R, T ) gravity and modified Chaplygin gas. The novelty of this model is that the Universe includes both cases curvature and torsion, and one dominated by a Chaplygin gas. In order to calculate cosmological solutions, we obtained Friedmann equations and also equation of state (EoS) parameter of dark energy. By employing interacting model we considered the total energy density and the total pressure of Universe as the combination of components of dark energy and Chaplygin gas. Subsequently, we reconstructed the model by an origin of a scalar field entitled quintessence model with a field potential. The field potential has been calculated in terms of free parameters of F (R, T ) gravity and modified Chaplygin gas. In what follows, we used a parametrization, and the cosmological parameters have been written in terms of redshift z. Next, we plotted cosmological parameters with respect to three variable of cosmic time, redshift z and e-folding number N = ln(a), and the figures showed us an accelerated expansion of Universe. Also, we have described the scenario in three status early time, late time and future time by e-folding number. Finally, the stability of scenario has been investigated by a useful function named sound speed, and the graph of sound speed versus e-folding number has been showed us that there is the stability in late time.
I. INTRODUCTION
As we know, the Universe is expanding and this expanding is undergoing an accelerating phase.
This issue discovered in type Ia supernova [1] [2] [3] , associated with large scale structure [4] [5] [6] and cosmic microwave background [7, 8] . It is noteworthy that the accelerated expansion of the Universe is created from a mysterious energy called dark energy, which is about Two thirds the total energy of Universe. By using the Einstein field equation, the accelerated expansion described by a small positive cosmological constant. Also this discovery demonstrates that geometry of the Universe is very close to flat space [9] . Various candidates have been introduced to describe dark energy scenario, so that the Universe dominates with a perfect fluid by a negative pressure and the EoS parameter which is less than −1, the so-called phantom phase. We can introduce some of these models such as the cosmological constant [10, 11] , the scalar fields ( including quintessence, Kessence, phantom, tachyon, etc) [12] [13] [14] [15] [16] [17] , the vector field [18, 19] , holographic [20] [21] [22] , interacting model [23, 24] and braneworld models [25] [26] [27] .
Moreover, there are some other methods to describe the Universe accelerated expansion. One of these theories is modified gravity theories that from the physical point of view, this prevents the complexities of the previous models especially the complicated computation of numerical solutions.
Another benefit of the modified gravity theories is consistent with recent observations for late accelerating Universe and dark energy. Some of these modified gravity theories can directly be achieved by replacing the Ricci scalar R by F (R), F (T ) and F (G) with an arbitrary function in the Einstein-Hilbert action. These theories are introduced as F (R) gravity [28, 29] , F (T ) gravity [30] [31] [32] [33] [34] and F (G) gravity [35] [36] [37] which respectively an arbitrary function of the Ricci scalar R, the torsion scalar T and the Gauss-Bonnet term G. Therefore, we can tell that modified gravitational theories are a generalization of general relativity. We also note that F (T ) gravity is a generalized version of teleparallel gravity originally proposed by Einstein [38] , he had tried to redefine the unification of gravity and electromagnetism on the mathematical structure of distant parallelism by introducing of a tetrad or vierbein field, the so-called teleparallelism. Thus, instead of using the Levi-Civita connection in the framework of general relativity, we use the Weitzenböck connection in teleparallelism. In that case, the four-dimensional space-time manifold must be a parallelizable manifold [39, 40] .
In this paper, we will explain the late time accelerated expansion of the Universe with the unification of F (R) and F (T ) gravity theories as F (R, T ) gravity which one is an arbitrary function of curvature scalar R and torsion scalar T [41, 42] . The existence of both scalars R and T into F (R, T ) gravity is effective on only geometry of Universe no on matter source. This means that Universe is included the effects of curvature and torsion.
As we discussed, the acceleration can be consequence of the dark energy influence that this leads to some other models called Chaplygin gas [13, 24, [43] [44] [45] [46] . Chaplygin gas is a fluid with negative pressure that begins to dominate the matter content and, at the end, the process of structure formation is driven by cold dark matter without affecting the previous history of the universe. This kind of Chaplygin gas cosmology has an interesting connection to String Theory via the Nambu-Goto action for a D-brane moving in a (D + 2)-dimensional space-time, feature than can be regarded to the tachyonic panorama [47] .
The main objective of this paper is that we will consider the F (R, T ) gravity model as a source of dark energy. Therefore, we intend to investigate the interacting model between F (R, T ) gravity and modified Chaplygin gas with this motivation that we can describe the accelerated expansion of the Universe.
The paper is organized as follows:
In Sec. II, we review F (R, T ) gravity model and obtain the Friedmann equations by using the corresponding connections. In Sec. III, we introduce the basic setup of the modified Chaplygin gas, and then will interact F (R, T ) gravity with modified Chaplygin gas. Thereinafter, total energy density and total pressure of Universe Will be written in the form of a combination of modified Chaplygin gas and dark energy. In Sec. IV, we reconstruct the current model with a source of scalar field by quintessence model, and then the cosmological parameters will be written in terms of redshift and e-folding number. Also we investigate stability of the model and present corresponding graphs in terms of redshift and e-folding number. Finally, a short summary is given in Sec. V.
II. FUNDAMENTAL OF F (R, T ) GRAVITY
The action of F (R, T ) gravity theory coupled with matter is given by [41, 48, 49] 
where e = det(e i µ ) = √ −g, in which g is the determinant of the metric tensor g µν , and L m is the matter Lagrangian. The F (R, T ) is an arbitrary function of curvature scalar R and torsion scalar T .
We note that curvature scalar represents gravity in general relativity, and torsion scalar represents gravity in teleparallel gravity by a different mathematical notations as Levi-Civita connection and Wienzböck connection, respectively. Despite this difference, independently both theories have similar result for equivalent descriptions of gravitation. Therefore, we consider a vierbein field e i (x µ ) with index i running from 0 to 3, which one is an orthonormal basis for the tangent space at each point x µ of the manifold in Wienzböck connection. Then, we can relate vierbein field to the metric as g µν = η ij e i µ e j ν in which the Minkowski metric η ij = diag(−1, +1, +1, +1). We consider homogeneous and isotropic Universe in the flat FLRW metric in the following form
where a(t) is scale factor, and one is the function of cosmic time. We can write the vierbein field in accordance with (2) as follows
Now we intend to find the corresponding Lagrangian of the action (1) as
in that case, we expand expression F (R, T ) by Maclaurin series, so that the Lagrangian is simplicity yielded as
where indices denote derivative with respect to R and T in corresponding locations, and the point denotes derivative with respect to cosmic time. The curvature and torsion scalars are find by
where H =ȧ a is the Hubble parameter, and, u = u(a,ȧ) and v = v(a,ȧ) be defined as the two arbitrary functions in terms of a andȧ, and, R µν , S µν ρ and T ρ µν are the Ricci, antisymmetric and torsion tensors respectively, in the form
where the contortion tensor K µν ρ is
where ρ tot and p tot are total energy density and total pressure of an Universe dominated with a perfect fluid, respectively. The continuity equation of the model becomeṡ
In this paper, we consider a simple particular model of F (R, T ) gravity as
where µ and ν are constants.
Now for solving the model, we choose a power form for functions u and v as u = α a n ,
to substitute Eqs. (12) into Eqs. (9), the Friedmann equations are rewritten by
One of the recent cosmological models which is based on the use of exotic type of perfect fluid suggests that our Universe filled with the Chaplygin gas with the following equation of state
where B is a positive constant. The equation of state (14) generalized as
which is known as generalized Chaplygin gas. Therefore, modified Chaplygin gas with the following equation of state introduced
where A is a positive constant, and p M CG and ρ M CG are the pressure and energy density in which 0 < γ < 1. This model is more appropriate choice to have constant negative pressure at low energy density and high pressure at high energy density. The special case of A = 1/3 is the best fitted value to describe evolution of the Universe from radiation regime to the ΛCDM regime. Also, the modified Chaplygin gas has been investigated in Refs. [46, 50, 51] .
Therefore, we consider the total energy density and pressure of Universe as the combination of components of dark energy and Chaplygin gas in the following form
Now, we take an energy flow between the dark energy and modified Chaplygin gas, so the energy flow is introduced as an interaction between two components. In this way, the continuity equation (10) be written to two separate continuity equations in the following forṁ
where Q is the interaction term between the dark energy and modified Chaplygin gas, that one be usually considered as: Q = 3Hb 2 ρ DE , Q = 3Hb 2 ρ M CG and Q = 3Hb 2 ρ tot in which b 2 is the coupling parameter or transfer strength [23, 24, 46, 52, 53] . This choice is based on positive motivation Q, because from the observational data at the four years W M AP implies that the coupling parameter must be a small positive value [8, 54] .
In this paper, we consider Q = 3Hb 2 ρ M CG , and by substituting Q into Eq. (18b) we can obtain energy density of modified Chaplygin gas as
where η = 1 + A − b 2 , and then
where c 0 is a constant of integration.
The ρ DE and p DE obtain by Eqs. (13) and (17) in the following form
The dark energy EoS becomes
ω DE = p DE ρ DE .(22)
IV. RECONSTRUCTING AND PARAMETRIZATION
In this section, we first will reconstruct the model as a scalar field and a potential entitled the quintessence model. For this purpose, we suppose that the origin of interacted F (R, T ) gravity with Chaplygin gas is a real scalar field in which the corresponding Friedmann equations is written in the following form [33, 55] 
the continuity equation and the EoS parameter are given bẏ
Now let's replace Eqs. (24) by transforming ρ φ → ρ DE and p φ → p DE into (21), so that we find kinetic energy term and potential aṡ time as follows:
where a 0 is the value of the scale factor at the present Universe, and s > 1 is consistent the accelerated expansion of Universe. To substitute the aforesaid scale factor into Eqs. (25), we can obtain the following relationshipṡ
6 µ α n a n 0 t ns − 1 6 ν β m a m 0 t ms (27a)
The Eq. (27b) is a reconstructed potential. This means that Universe is described by the quintessence model with the field φ(t) and the potential V (φ) instead of F (R, T ) gravity. Here we realize that interacting F (R, T ) gravity with modified Chaplygin gas is a good alternative to quintessence model. Also this reconstruction demonstrates the reconstructed EoS of scaler field in Fig. 1 . We note that choice of free parameters play a very important role in describing this model, so the motivation for these choices is based on crossing over phantom divide line.
In what follows, we turn our attention to study our model by parametrization. In the sense that the energy density and pressure of dark energy are written in terms of redshift, z = a 0 a(t) − 1, in which a 0 is the value of the scale factor at the present Universe, in other words, z = 0 corresponds the today Universe. We introduce parameter, r =
in which H 0 = 71 ± 3 km s −1 M pc −1 is the value of Hubble parameter of current Universe. In that case, we find
then, we can rewrite the Eqs. (21) and (22) in terms of z as
, where the prime denotes a derivative with respect to z. Now, in order to describe the model as a origin of dark energy, we intend to reconstruct the EoS of the model by parametrizing the Hubble parameter in terms of the z. We note that reconstruction of dark energy models was fulfilled in Refs. [56] [57] [58] [59] [60] for a minimally scalar field with a potential. Therefore, we take the following parametrization as The value of EoS of late time confirms the result of [63] in a flat Universe.
In order to have a more complete discussion, we intend to discuss the stability of the model.
For this purpose, we will use an useful function c 2 s = ∂zp DE ∂zρ DE (in which ∂ z = ∂ ∂z ) as a thermodynamic system, so this function represents sound speed in a perfect fluid. Therefore, the stability condition occurs when the function c 2 s becomes bigger than zero. It should be noted that a thermodynamic system can be described with adiabatic and non-adiabatic perturbations. This means that the aforesaid function c 2 s be related to an adiabatic sound speed. In what follows, we considered total energy density and total pressure of Universe as dominated with a perfect fluid, in which dark energy contribution is taken the combination of F (R, T ) gravity and modified Chaplygin gas as Eq. (17) . Then, by dividing these two functions we obtained the EoS of dark energy for the scenario.
Subsequently, we reconstructed the model by an origin of a scalar field entitled quintessence model with a field potential. With correspondence between our model and quintessence model, we plotted the EoS of scalar field in terms of cosmic time by taking the scale factor as power law.
The graph of corresponding EoS described the accelerated expanding of Universe. Next, we used a parametrization (30) , and the cosmological parameters have been written in terms of redshift z.
In that case, we drew them with respect to z and e-folding number N in Figs. 2 and 3 . These figures showed us the existence of an accelerating Universe, especially graph of EoS showed us that its value in late time is −0.98 which one is consistent with Ref. [63] . We noted that the free parameters play an important role in plotting figures, the motivation of these selections are based on positivity energy density and negativity pressure. Finally, in order to investigate the stability, we tried to compute speed sound in this scenario in terms of e-folding number, so we plotted the 
